is mediated by SIRT3 and melatonin enhances SOD2 activity through the 1 3 4 deacetylation of SIRT3.
3 5
Melatonin increased SOD2 expression via the interaction of SIRT3 with 1 3 6 FoxO3a.
3 7
As shown in Fig. 5A , melatonin pretreatment had little influence on the total protein of FoxO3a at the K-100 lysine (Fig. 5C ). Both events prevented nuclear import, to form a complex that regulates the activity and acetylation status of FoxO3a. Our
results showed that melatonin promoted the interaction of FoxO3a with SIRT3 in 1 4 7 mitochondria (Fig. 5D) . Moreover, the FoxO3a-luciferase reporter gene assay compared with the control group. By contrast, melatonin pretreatment significantly
increased the ERRE-mediated SIRT3 transcriptional activity, whereas this effect
was diminished by the addition of PGC-1α siRNA.
8 2
The EMSA assay was further performed to test the in vitro binding of ERRα and and lysates was shifted as compared with lysates alone. The protein-probe binding
was regulated by F and melatonin. Moreover, a specific super-shift band was
detected with the ERRα antibody, thereby indicating that ERRα was bound to the 1 8 8
probe ( Fig. 7D-3 ). The results of EMSA also showed that melatonin increased the SIRT3 promoter, we performed the ChIP assay. As shown in Fig. 7E , a 3.6-fold 1 9 2 enrichment of ERRα was observed.
9 3
Melatonin attenuated F-induced JNK1/2 activation in mice liver
Furthermore, we also investigate whether melatonin could prevent F-induced
oxidative stress in mice liver. Significant accumulation of F was observed in
F-toxicated mice liver (Fig. S3A ). Liver functions were also measured based on
changes in the hepatic markers ALT and AST. The results showed that the serum
activities of ALT and AST were significantly increased in the F group when GSH level were decreased significantly in F-toxicated mice livers, which was 2 0 5
reversed by melatonin (Fig. S3F ).
0 6
Since apoptosis plays an important role in the pathogenetic mechanisms involved in 2 0 7
fluorosis. NaF treatment increased caspase-3 activity (Fig. 8A ), an indicator of 2 0 8 apoptosis, and decreased the protein levels of Bcl-2 (Fig. 8B) , an important 2 0 9
anti-apoptotic factor in mice liver. Pretreatment with melatonin attenuated
caspase-3 activity and increased Bcl-2 protein expression in NaF-treated mice liver.
Activation of mitogen-activated protein kinase (MAPK) has been implicated in 2 1 2 F-induced apoptosis and they are sensitive to oxidative stress, Western blot showed
that the melatonin significantly reduced the phosphorylation of JNK1/2 in 2 1 4 F-exposed mice liver.
1 5
To further address the involvement of JNK1/2, HepG2 cells were pretreated
melatonin or SP600125 (a potent JNK1/2 inhibitor). Our results showed that
F-induced JNK1/2 activation in HepG2 cells, which was significantly reduced by 2 1 8 melatonin or SP600125 (Fig. 8C ). In addition, caspase-3 activity were reduced in Oxidative stress from excessive mROS plays an important role in the pathogenesis 2 2 3 of F-mediated cytotoxicity (Chouhan and Flora, 2008; Gao et al., 2008 phosphorylation at Ser253, thereby inactivating FoxO3a and preventing its nuclear translocation of FoxO3a from mitochondria to nucleus is promoted, thereby causing 2 6 0 its complex influence on SOD2 transcription, which controls mitochondria-derived Melatonin-induced SIRT3 activation plays a pivotal role in protecting against hepatocytes and muscle cells, indicating that PGC-1α acts as an endogenous PGC-1α in melatonin-regulated hepatic mitochondrial health. Our study is the first
to reveal that melatonin activates SIRT3 mRNA transcription via a
PGC-1α-dependent signaling pathway. PGC-1a interacts with the SIRT3
transcription factor ERRα as a transcriptional coactivator for the expression of
SIRT3 in F-induced liver cells injury.
7 6
Oxidative stress have been demonstrated to activate a variety of signaling pathways,
among which ERK1/2 and JNK1/2 have been implicated in F-induced apoptosis This study was performed in strict accordance with the guidelines for the care and were approved by the Animal Care Commission of the College of Veterinary
Medicine, Northwest A&F University.
9 6
Chemicals and reagents 2 9 7
All chemicals and reagents were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA) unless otherwise stated. Antibodies against Bax, Bcl-2, GAPDH, Medium (DMEM, Gibco, USA), which was supplemented with 10 % 3 0 7
heat-inactivated fetal bovine serum (FBS, Gibco) in a 5 % CO 2 humidified 3 0 8
atmosphere at 37 °C. Cells were pretreated with 40 μ M melatonin for 2 h, washed,
and treated with or without NaF (2 mM) for an additional 12 h. Experimental 3 1 0 protocol are described in more details in Supporting information. Cell viability was analyzed using Cell Counting Kit-8 (Beyotime, Jiangsu, China).
The absorbance was obtained with a microplate reader (Epoch, BioTek, Luzern,
Switzerland) set at a wavelength of 450 nm. Assay of biochemical makers of oxidative stress
The concentrations of malondialdehyde (MDA) and glutathione (GSH), and the 3 1 7
activity of SOD2 were assayed by commercial assay kits purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, Jiangsu, China). Mitochondrial fractions were immediately extracted with the Cytosolic and
Mitochondria Isolation Kit (Beyotime). Protein concentrations were determined
with the BCA Protein Assay Kit (Pierce Biotech, Rockford, IL, USA).
Immunoblot analysis
Immunoblot analysis was performed as described in the protocols provided by the 3 2 9
primary antibody suppliers. Protein was extracted with a mild lysis buffer (50 mM Tris-HCl, pH 8; 125 mM
NaCl; 1 mM DTT; 5 mM MgCl 2 ; 1 mM EDTA; 10 % glycerol; 0.1% NP-40). Assay Kit according to the manufacturer's instructions (MBL International Corp. Tokyo, Japan). The fluorescence intensity was monitored at excitation and emission
wavelengths of 355 and 460 nm, respectively. The siRNA targeting SIRT3 and PGC-1α were purchased from Santa Cruz non-targeted control siRNA to target small interfering RNAs for 6 h according to Luciferase measurements were performed with the dual luciferase reporter (DLR) Total RNA was isolated with the TRIzol Reagent (Invitrogen), which was reverse
transcribed to cDNA with the SYBR PrimeScript RT-PCR Kit (Takara BIO Inc.,
Japan). The gene-specific primers used are listed in Supporting Information Table   3 8 8
S2
. Results were normalized to levels of GAPDH mRNA and expressed as the fold ).
Chromatin immunoprecipitation assay (ChIP)
A ChIP assay was performed with the Pierce Agarose ChIP Kit as previously 15 min at room temperature followed by glycine treatment to stop the cross-linking.
9 4
Genomic DNA was isolated and sheared by ultrasonic waves and 10 % of the for IP. The ChIP enrichment was determined with an ABI StepOnePlus PCR system 3 9 7
(Applied Biosystems). Primer sequences used for ChIP-qPCR are listed in 3 9 8
Supporting Information Table S3 .
Electrophoretic mobility shift assay (EMSA)
The EMSA assay was strictly performed with an Electrophoretic Mobility Shift Information Table S4 . Animals were randomly divided into four groups of 10 each. Group 1 (Control):
Mice was provided distilled water and received daily injection vehicle for 30 days. The livers were homogenized in nine fold (w/v) cold normal saline using an (Olympus AU1000, Olympus, Tokyo, Japan). indicated. Statistical analyses were performed with one-way ANOVA, followed by The authors indicate no competing financial interest. antibody. (E) Ac-SOD2 was immunoprecipitated in SIRT3-deficient HepG2 cells. siNC+ Mel + F group. determined in HepG2 cells. Data are mean ± SD; n = 6-8. Peroxisome proliferator-activated receptor gamma coactivator 1α, PGC-1α;
Estrogen-related receptor alpha, ERRα; Malondialdehyde, MDA; Glutathione, GSH;
Chromatin immunoprecipitation assay, ChIP; Electrophoretic mobility shift assay, NH2-terminal kinase-1/2, JNK1/2; WT, wild-type; MUT, mutation; Ab, antibody. Fluoride-induced histopathology and synthesis of stress protein in liver and kidney 3577-83. 
